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ABSTRACT
Background The study aimed to evaluate the validity and spatial accuracy of the Food Standards Agency Food Hygiene Rating scheme online
data through a field audit.
Methods A field audit was conducted in five Lower Super Output Areas (LSOAs) in the North East of England. LSOAs were purposively
selected from the top and bottom quintiles of the Index of Multiple Deprivation and from urban and rural areas. The FHRS data validity against
the field data was measured as Positive Predictive Values (PPV) and sensitivity. Spatial accuracy was evaluated via mean difference in straight
line distances between the FHRS coordinates and the field coordinates.
Results In all, 182 premises were present in the field, of which 162 were in the FHRS data giving a sensitivity of 89%. Eight outlets recorded in
the FHRS data were absent in the field, giving a PPV of 95%.The mean difference in the geographical coordinates of the field audit compared
to the FHRS was 110 m, and <100 m for 77% of outlets.
Conclusions After an evaluation of the validity and spatial accuracy of the FHRS data, the results suggest that it may be a useful dataset for
surveillance of the food environment and for intervention evaluation.
Keywords food environment, foodscape, field validity, spatial accuracy
Introduction
The food environment is thought to play a role in obesity
rates and other chronic health conditions.1,2 Proximity to
fast food outlets is associated with increased obesity, partic-
ularly for children.3 Lifestyle and diet contribute to observed
socioeconomic differences in weight and obesity.4,5 There are
also important health inequalities around access to health-
ier food.6,7 Unhealthy food outlets tend to cluster in more
socially deprived areas and those from lower socioeconomic
status groups are more vulnerable to the resulting detrimental
effects on diet and health.8,9 Given the associations between
the food environment and health, researchers have expressed
a need for longitudinal data to assess the impact of changes
to the food environment.10
In England since 2013, local authorities (LAs) have
had responsibility for public health including oversight
of obesity, community nutrition and promoting physical
activity.11,12 An umbrella review by Public Health England
assessed the importance of the built and natural environment
on health.13 The review identified key areas that can be
targeted by LAs through policy, two of which were access to
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healthy food and neighbourhood design. Given their public
health obligations, many LAs have taken an active role in
managing the food environment, often through the use of
planning policy to limit the number of new takeaway food
outlets.8,11
LAs in England can influence the proliferation of food
establishments with planning policies described in local plans
and planning guidance.8,11 Around 50% of LAs have a
planning policy to control numbers of takeaway and fast
food outlets. Much of the planning guidance employed by
LAs restricts the number of new outlets within a geographical
area, such as within 400 m of schools. Thus, it is important
to understand how these geographical restrictions shape
the food environment. 6,9 Despite their widespread uptake,
there is currently no evidence regarding the effectiveness of
these LA restrictions on improving health or reducing health
inequalities.
The lack of evidence on the effectiveness of these planning
policies may result from insufficient or inadequate data per-
taining to the neighbourhood food environment and locations
of food outlets. Examples of data sources used in food
environments research to date include commercially available
business data such as the Yellow Pages, data from companies
such as Ordnance Survey, company websites or Google Maps
and data obtained from local government under Freedom of
Information requests.1,4 Limitations of these data sources
include lack of national coverage, resource intensive data
collation, infrequent updates, restrictive terms and conditions
of use and financial cost.14 While there are many field vali-
dation studies of commercially available business data,11 few
studies consider the spatial accuracy of these data. Analysis
of commercial data in Canada found 75% of food outlets
in the field were within 50 m of their recorded location in
the data.15 Similar methods have also been used to assess
the accuracy of physical activity facilities data in the USA,
motivated by the association between access to play parks
and health.16
This study aims to assess the validity and spatial accuracy
of the Food Standards Agency (FSA) Food Hygiene Rating
Scheme (FHRS) data using field validation methodology
in the North East of England. Field validation involved
a researcher recording the business name and geographic
coordinates of all business premises selling food in the
selected field work locations. These field data are then
treated as a gold standard for comparison against the
FHRS data. An understanding of the validity and spatial
accuracy of the FHRS data will help determine whether
the dataset can be used for evaluation and surveillance
of the food environment by public health teams and
researchers.
Methods
The data
Since 2012, data collected by environmental health officers
for the FSA FHRS, including the geographic coordinates
of all businesses/premises where food is consumed, sold
or provided, for all LAs in England, Scotland, Wales and
Northern Ireland have been available online. This includes
restaurants, pubs, cafes, takeaways, food vans/stalls, schools,
canteens, hotels, supermarkets and other shops (e.g. garage
forecourt shops, convenience stores), care homes, community
centres, cafes within retail shops, nurseries and hospitals. All
new businesses need to be registered with the LA at least
28 days before opening. All LAs need to upload data regarding
recently inspected premises at least every 28 days. Frequency
of inspection depends upon the hygiene rating received by
the business/premises. These data are national in coverage,
available for public download, updated regularly, unrestricted
in terms of use and free. Sample data were extracted from the
FSA website on 4 October 2019. As this study used publicly
available data, which are not covered under GDPR legislation,
ethical approval was not required.
Study areas
Study areas were selected purposively as in Lake et al.4 across
two LAs to include areas of high and low deprivation as
defined by the Index of Multiple Deprivation, and classified
as either urban or rural using the 2011 Rural–Urban Clas-
sification of LA districts.17,18 The LAs of Gateshead and
Northumberland were chosen in the North East of Eng-
land for convenience of access for the researcher. Gateshead
LA has actively attempted to manipulate the food environ-
ment through using planning guidance to restrict the conver-
sion of any existing premises to planning Use Class A5—
hot food takeaway.19 Northumberland implemented planning
guidance in March 2020 (after the field audit was conducted),
to limit the conversion of premises to takeaways in high-
density areas or where there is high obesity prevalence in the
population.20
Within each LA, four study areas were selected based on
Lower Super Output Area (LSOA) boundaries. LSOAs are
geographic areas that contain on average 1500 people, but
vary in size.21 One urban and one rural LSOA from the top
and bottom Index of Multiple Deprivation quintiles within
each LA were selected for field audit.17,18 Of the 128 eli-
gible LSOAs, we chose to audit the LSOA with the highest
recorded number of outlets in the FHRS data to improve the
statistical precision of our findings’.4 The eight selected study
area LSOAs are shown in Table 1. Because of the Covid-19
pandemic, we were unable to assess validity in three LSOAs
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Table 1 Target fieldwork LSOAs, characteristics and number of recorded outlets
Local authority Rural/Urbana Deprivationb Outlets People per sq kmc
Gateshead Rural Most 14 1424
Gateshead Urban Most 82 1523
Gateshead Rural Least 12 1074
Gateshead Urban Least 19 5232
Northumberland Rural Most 43 1267
Northumberland Urban Most 76 3325
Northumberland Rural Least 45 82
Northumberland Urban Least 65 503
a2011 Rural–Urban Classification of Local Authority Districts in England
bEnglish Indices of Multiple Deprivation 2019
cBased on 2018 population estimates
in Northumberland, two urban (least and most deprived) and
one rural (least deprived).
Field audit
A field audit was conducted to ‘ground-truth’ targeted geo-
graphic areas, recording all premises selling food in the cho-
sen LSOAs. Before the field audit, a field work form was
developed using the FHRS data, containing information on all
premises in the LSOA including address and geographic coor-
dinates. This form was created to avoid less visible premises
(such as food businesses run from household kitchens) from
being missed in the field.
In each area a systematic field audit was conducted on foot,
using amobileGPS app (LocusMap), to record the details and
coordinates of the outlets.22 One researcher (SK) recorded
all food outlets that were present in the field directly in the
app and on paper fieldwork forms (example available in the
appendix) so that while conducting the audit the researcher
had knowledge of which premises should be present. The lat-
itude and longitude of the researcher position were recorded
automatically by the app. Outlets present in the field and in
the FHRS data were recorded alongside their FHRS ID, and
outlets present only in the field were allocated a new ID. The
app allowed for all of the data to be recorded digitally and later
exported as a CSV file; paper fieldwork forms were completed
in case of data loss.
Validation and spatial accuracy
The data collected during the field audit was compared with
data in the FHRS dataset using a field validation method
which has been used previously in other field validation stud-
ies.1,4 This was to assess any discrepancies between the field
audit and FHRS data. The validity outcome measures were
Predicted Positive Value (PPV) and sensitivity. They were
calculated as below:
PPV = True Positive/ (True Positive + False Positive) (1)
Sensitivity = True Positive/ (True Positive + False Negative) (2)
Where True Positive is the number of outlets present in
both the secondary data and the field data; False Positive is the
number of outlets present in the secondary data but absent in
the field; and False Negative is the number of outlets present
in the field but absent in the secondary data.
To assess the spatial accuracy of the geographic coordi-
nates in the FHRS data, straight-line distances were calculated
between the FHRS coordinates and the field location of each
outlet in Stata v.16 using the geodist package.15,16,23 Given
the skewed nature of the distances and limited sample size,
non-parametric testing in the form of Wilcoxon Rank-Sum
tests were employed to formally assess differences in the
distributions across rural/urban and deprivation at a 95%
significance level between the field audit and FHRS data.
Results
PPV and sensitivity
The comparison of the field and FHRS data is shown in
Table 2. In all, 182 premises were present in the field, of which
162 were in the FHRS data, with 20 absent, giving a sensitivity
of 89%. Eight outlets recorded in the FHRS data were absent
in the field, giving a PPV of 95%.
Spatial accuracy
Of the 162 premises present in both the field and the FHRS
data, nine had no recorded coordinates in the FHRS data.
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Fig. 1 Straight-line distances between field and FHRS coordinates.
Table 2 FHRS data and field data comparison
Field
FHRS Present Absent
Present 162 8 PPV = 95%
Absent 20
Sensitivity = 89%
Distances between the field coordinates and FHRS coordi-
nates were calculated for the remaining 153 premises. There
was one outlier, with a distance of 37 870 m, which was
excluded from the analysis. The spatial accuracy for the 152
premises is shown in Fig. 1 and the distances ranged from
5 to 505 m. The distribution had a long right tail with a
median of 48 m and mean 110 m. The distance was <100
m for 117 (77%) of outlets. There was a cluster at 505 m,
as 15 outlets (predominantly mobile caterers offering food
to takeaway) shared the same physical site and FHRS coor-
dinates, and therefore the distance between the FHRS coor-
dinates and field work coordinates was the same for these
15 premises.
Figure 2 shows the distances split by rurality and depri-
vation. Rank-sum tests found no difference in the distribu-
tion of distances between most and least deprived LSOAs
(P = 0.944). The distances were significantly smaller for out-
lets in rural LSOAs (P = 0.002). However, if the 15 premises
which share the same location are treated as one premises, the
difference in distance between the FHRS data and field work
data is no longer significant at a 95% level (P = 0.078).
Discussion
Main finding of this study
This study assessed the validity and spatial accuracy of the
FSA FHRS data, which are publicly available food outlet data,
national in coverage and updated regularly. A field audit in
the North East of England identified 182 food outlets in five
LSOAs. In all, 162 of these food outlets were present in the
FHRS data. When comparing the field audit data to the FHRS
data, the PPV was 95% and sensitivity was 89%.
The 20 outlets that were not identified in the data source
were churches, community centres and a caravan park that
was not clear if it was operational. It is possible that these
establishments do not regularly serve food and should be
excluded from the FHRS data. However, to be on the cautious
side, we included these premises in the field work. Thus, our
estimates would be a lower bound of the accuracy of the data.
The mean spatial inaccuracy of the FHRS data compared
with the field audit was 110 m, with 77% of outlets
within 100 m of their recorded location and all within
∼500 m—with the exception of one outlier. Spatial accuracy
was greater in rural LSOAs, however this finding is sensitive to
the inclusion of one urban site that was shared by 15 premises
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Fig. 2 Straight-line distances between field and FHRS coordinates by urban/rural status and area level deprivation.
with the same FHRS coordinates. If this location with the 15
outlets was removed from the data, there was no significant
difference between urban and rural spatial accuracy.
What is already known on this topic
While LAs are active in their attempts to manage the food
environment,9 researchers have largely been using either high
cost field audits or data from commercial directories to study
the food environment.1 These data sources are problematic
due to a lack of national coverage, resource intensive data
collation, infrequent updates, restrictive terms and conditions
of use and financial cost.14 A systematic review of 20 validity
studies of commercially available business data on the food
environment reported average median PPV scores of 77%
and sensitivity at 60% (for the four UK studies, median
PPV = 81% and Sensitivity = 61%).1 The highest reported
median PPV in the UK studies reviewed was 87% and the
highest median sensitivity 87%, however, these relate to sep-
arate data sources. The highest PPV score of 87% also does
not strictly pertain to commercially available business data but
instead to LA data, akin to the FHRS data, obtained via a
Freedom of Information request.4
In the USA, the spatial accuracy of a commercial dataset
of community-level physical activity facilities has been con-
ducted, calculating distances from field locations to their
recorded position in commercial data.16 They found ∼71%
of facilities to be located on the same street. In Canada, one
study assessed the spatial accuracy of two commercially avail-
able food outlet datasets, and found that 75% were within 50
m of their recorded position.15 Therefore, when comparing
our results to those from other field validation studies, this
would suggest that at least for the North East of England, the
FHRSmight be a valuable tool for evaluation and surveillance
of the food environment by researchers and public health
practitioners.
What this study adds
This study is the first field validation of FSA FHRS data,
which have been available digitally since 2012. In terms of
validity, the results indicate that FHRS data are likely to be
superior to commercially available business data or LA data
previously assessed in the UK—PPV 95% versus 87%, and
Sensitivity 89% versus 87%.4 We find a high validity of the
FHRS data, most likely because it is a statutory requirement
for LAs to collect these data, suggesting it should accurately
reflect the current food environment.
This study is also the first to assess spatial accuracy of food
environment data in the UK, using methods from studies
in the USA and Canada.15,16 Around 75% of outlets in
the FHRS data were recorded within 100 m of their actual
location, however, there were also outlets with missing coor-
dinates in the data and one clear outlier. This suggests that
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the FHRS data may be slightly less spatially accurate than
commercially available data in Canada, where 75% of outlets
were within 50 m.
Given the high time cost to ground-truth even small geo-
graphic areas, the FHRS data will be a valuable resource for
spatial analysis, with caveats around exact accuracy depending
upon the research application. Moreover, as ∼50% of LAs
in England use planning guidance to promote a healthy food
environment, and much of this guidance limits new takeaway
outlets within pre-defined geographic areas, these data might
provide a cost-effective means for policymakers to evaluate
the effectiveness of these interventions.
Historic FHRS data, which enable researchers to build
longitudinal panels to study the food environment over time,
are also available, starting in 2012. With this historic data,
researchers can create datasets that allow for stronger causal
inference by exploiting opportunities for natural experiments,
such as changes in planning policy. This dataset may also be
valuable for post Covid-19 research, to understand how the
food environment has changed as a result of the pandemic
and how that may impact on health outcomes and inequalities.
Limitations
Ideally, fieldwork by more than one researcher would have
been conducted to allow for PPV and sensitivity to be
evaluated across a larger geographical area. Moreover, the
Covid-19 pandemic resulted in the cancellation of some
intended field audits. Thus, we were not able to assess and
compare accuracy between urban areas in the two LAs of
Gateshead and Northumberland as the data were limited to
urban Gateshead only.
The study sample was limited to the North East of Eng-
land, which can be seen as a limitation. However, the statutory
requirements for data collection is likely to mean that similar
data will be collected nationally. Even though the UK is
heterogenous in terms of urbanity and density of outlets, we
assume that validity and spatial accuracy will be similar to what
we found in the North East of England. To test this, it may
be worthwhile doing further validation checks of the data
in other parts of the UK. However, for a purposive sample
from theNorth East, the selection of LSOAs with the highest
density of outlets maximized sample size for a small number
of study areas.
Finally, it is possible that non-public facing outlets, which
were not in the FHRS data, may have been missed in the field.
This would inflate the sensitivity estimates. However, it is a
legal requirement for outlets to register with their local author-
ity and therefore this should not be a substantial issue. Con-
versely, the sensitivity estimate may also be an underestima-
tion. As aforementioned, the fieldwork researcher recorded all
possible premises which may serve food, including churches
and community centres, some of which may not serve food
on a regular basis and therefore would not be inspected and
present in the FHRS data.
Conclusion
This study demonstrates that the FHRS data has high validity
and spatial accuracy in the North East of England. This
suggests that the FHRS data may be a valuable resource for
research, including evaluation of public health interventions
to promote a healthy food environment and food environ-
ment surveillance.
Funding
This study is funded by the National Institute for Health
Research (NIHR) School for Public Health Research (Grant
Reference Number PD-SPH-2015). The views expressed are
those of the author(s) and not necessarily those of the NHS,
the NIHR or the Department of Health and Social Care.
T.B. is funded by the Centre for Diet and Activity Research
(CEDAR), a UK Clinical Research Collaboration (UKCRC)
Public Health Research Centre of Excellence. Funding from
the British Heart Foundation, Cancer Research UK, Eco-
nomic and Social Research Council, Medical Research Coun-
cil, the National Institute for Health Research [grant number
ES/G007462/1], and the Wellcome Trust [grant number
087636/Z/08/Z], under the auspices of the UK Clinical
Research Collaboration, is gratefully acknowledged.
Conflict of interest
The authors report no conflict of interest.
References
1 Lebel A, Daepp MI, Block JP et al. Quantifying the foodscape: a
systematic review and meta-analysis of the validity of commercially
available business data. PLoS One 2017;12(3):e0174417.
2 Powell LM, Auld MC, Chaloupka FJ et al. Associations between
access to food stores and adolescent body mass index. Am J Prev Med
2007;33(4):S301–7.
3 Currie J, DellaVigna S, Moretti E, Pathania V. The effect of fast
food restaurants on obesity and weight gain. Am Econ J Econ Policy
2010;2(3):32–63.
4 Lake AA, Burgoine T, Stamp E, Rachael G. The foodscape: classifica-
tion and field validation of secondary data sources across urban/rural
and socio-economic classifications in England. Int J Behav Nutr Phys
Act 2012;9:37.
D
ow
nloaded from
 https://academ
ic.oup.com
/jpubhealth/advance-article/doi/10.1093/pubm
ed/fdaa172/5910440 by guest on 28 O
ctober 2020
FOOD STANDARDS AGENCY FOOD HYGIENE RATING 7
5 Giskes K, Avendanˇo M, Brug J. Kunst, AE. A systematic review of
studies on socioeconomic inequalities in dietary intakes associated
with weight gain and overweight/obesity conducted among European
adults. Obes Rev 2010;11(6):413–29.
6 Lake AA. Neighbourhood food environments: food choice, food-
scapes and planning for health. Proc Nutr Soc 2018;77(3):239–46.
7 Mui Y, Jones-Smith JC, Thornton RLJ et al. Relationships between
vacant homes and food swamps: a longitudinal study of an urban food
environment. Int J Environ Res Public Health. 2017;14(11):1426.
8 Greater LondonAuthority.Takeaways Toolkit: Tools, Interventions and Case
Studies to Help Local Authorities Develop A Response to the Health Impacts of
Fast Food Takeaways. London: Chartered Institute of Environmental
Health, 2012.
9 Keeble M, Burgoine T, White M et al.How does local government use
the planning system to regulate hot food takeaway outlets? A census
of current practice in England using document review. Health Place.
2019;57:171–8.
10 Bodor JN, Rice JC, Farley TA et al. The association between
obesity and urban food environments. J Urban Health 2010;87(5):
771–81.
11 Ministry of Housing CaLG. National Planning Policy Framework.
https://assets.publishing.service.gov.uk/government/uploads/syste
m/uploads/attachment_data/file/810197/NPPF_Feb_2019_revise
d.pdf (June 2020, last date accessed).
12 Lake AA, Henderson EJ, Townshend TG. Exploring planners and
public health practitioners’ views on addressing obesity: lessons from
local government in England. Cities Health 2017;1–9.
13 Public Health England. Spatial Planning for Health an Evidence Resource for
Planning and Designing Healthier Places. London: Public Health England,
2017.
14 Burgoine T, Harrison F. Comparing the accuracy of two
secondary food environment data sources in the UK across
socio-economic and urban/rural divides. Int J Health Geogr 2013;
12(1):2.
15 Seliske L, Pickett W, Bates R, Janssen I. Field validation of food
service listings: a comparison of commercial and online geographic
information system databases. Int J Environ Res Public Health 2012;9:
2601–7.
16 Boone JE, Gordon-Larsen P, Stewart JD, Popkin BM. Validation of a
GIS facilities database: quantification and implications of error. Ann
Epidemiol 2008;18(5):371–7.
17 McLennan D, Noble S, Noble M et al. The English Indices of Deprivation
2019: technical report , 2019.
18 Bibby P, Brindely P. 2011 Rural–Urban Classification of Local Authority
Districts in England: User Guide. London, UK: National Statistics. 2014.
19 Gateshead Council.Hot Food Takeaway Supplementary Planning Document .
https://www.gateshead.gov.uk/article/3089/Hot-food-takeaway-Su
pplementary-Planning-Document (June 2020, last date accessed).
20 Northumberland County Council. Planning Policy. https://www.no
rthumberland.gov.uk/Planning/Planning-policy/Plan.aspx#supple
mentaryplanningdocuments (June 2020, last date accessed).
21 National Health Service. Data Dictionary, Lower Layer Super Output
Areas. https://www.datadictionary.nhs.uk/data_dictionary/nhs_busi
ness_definitions/l/lower_layer_super_output_area_de.asp?showna
v=1 (June 2020, last date accessed).
22 Asamm Software. sro. Locus map mobile app. 2020. Available from
the Android Play Store.
23 Picard R.Geodist: Stata Module to Compute Geodetic Distances. Statistical Soft-
ware Components S457147. Boston College: Department of Economics,
2010.
D
ow
nloaded from
 https://academ
ic.oup.com
/jpubhealth/advance-article/doi/10.1093/pubm
ed/fdaa172/5910440 by guest on 28 O
ctober 2020
8 JOURNAL OF PUBLIC HEALTH
Appendix A1. Example fieldwork form
FHRS ID Business name Business type Address line 1 Outlet type Field latitude Field longitude
812074 Newbiggin Convenience Store Retailers—other 104 Front Street
288723 Glentons Bakery Retailers—other 108–110 Front Street
. . . . . . . . . . . .
An example of the tables used on the paper fieldwork forms to record outlets and their locations. The table contained all of the FHRS outlets for the given
LSOA as well as additional rows for outlets present in the field but not in the data.
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